gallons of petroleum per ton. Miller (1953) and Cox (1973) reported that many black shales of the Heath Formation in Fergus County were oil shales based on distillate collected from shale heated in a closed retort and condenser apparatus. They obtained maximum oil yields of 22-26 gallons per ton of shale from some thin organic-rich layers.
Gardner (1950, 1959) Maughan and Roberts (1967) are too general and were of limited value in our study of the black metalliferous oil shales of the Heath Formation. Smith and Gilmour (1979, p. 19 ) cited Harris' 1972 thesis as the most thorough document on the Heath Formation.
Owing to the absence of subsurface core samples, the present report draws freely on the stratigraphic work of Harris and on the studies of Smith and Gilmour to supplement our own observations and analytical data. Our estimates Our results of nondestructive (X-ray fluorescence) analyses for contained metals in the Heath oil shales (table 1) are considered reliable to within ±10 percent of the amount present (Desborough and others, 1980) .
METALS, SYNCRUDE OIL, AND WATER IN SHALES OF HEATH FORMATION IN FERGUS AND GOLDEN VALLEY COUNTIES, MONTANA
Concentration data for vanadium, nickel, zinc, selenium, and molybdenum and Fischer assay oil yield are given in table 1 for four fresh representative outcrop samples. The elements were analyzed by nondestructive, energy-dispersive X-ray methods. Preliminary organic geochemical data indicate that the organic matter in fresh unoxidized samples is immature to mature. Oil-yield values were obtained from modified Fischer oil-assay methods by the Colorado School *Gallons-per-short ton 4.17 liters-per-metric ton.
of Mines Research Institute, and these are presented in table 2* The oilyield values seem to be about 20 percent too low compared to preliminary data we have collected on organic-carbon content and pyrolysis-assay products.
Other samples of the Heath Formation yielded less oil, and it is not known if the shales contained more oil originally and lost some due to weathering and (or) to thermal degradation.
Translation of potential commodity gross values based on our analytical data is given in table 3 (Vine, 1956, p. 424 
